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A merhcd for the i-crcve-en- cf neuronal reaeneraciom 



The present mvenricn refers no a method for the improverrient 
CI neuronal regeneration, a nedicament for the imoroveuient 
cf neuronal regeneration and use of an inhibitor substance. 

Injury to adult mammalian CNS fiber tracts leads to tne 
formiaticn of a lesion scar consisting of a convoluted fringe 
of astroglial processes lined by a basal membrane (BM) . This 
^esion scar is im.plicated as a ma^or extrinsic constraint 
to effective axon regeneration in brain and spinal cord 
(1 - 4) . While the dense astrocytic network is a perm.issive 
substrate for axon growth (5, 6} , the presence of BM has been 
hypothesized as a crucial impediment for regeneration (7) . 
However, experimental evidence was not shown. To the 
contrary, when the BK formed after a lesion of neuronal 
tissue was removed (24), no improved regeneration could be 
reproducibly monitored (25). Therefore, it is still of great 
im.pcrtance to have a m;ethod for improving regenerat ion cf 
ured neurons . 



Surp'risingly, improvement cf regeneration of neuronal tissue 
alter lesion is achieved by a miethod of the present mven- 



t ion . 



According to tne method cf the invention improved re- 
generation cf in:ured neuronal tissue is achieved by pre- 
vention or mhioit ion cf basal m;emb)rane f crm.at ion induced 
a lesion of neuronal tissue. 




i 



The basal membrane is a structure which is composed of 
different elements. Elements of the basal memibrane are 
collagen IV, laminin, entactin (Nidogen) accessory 
substances. The assembly of the elements to the basal 
memibirane is pez~fcrmied by enzymes which may be assisted by 
oof actors . 

Preferably, the fonriation of the basal membrane is prevented 
or inhibited by applying an inhibitor substance of the 
synthesis of basal membrane building elements, or the as- 
sembly of basal memb)rane building elements, cr both the 
s^^Tithesis of basal membrane building elements and the assem- 
bly of basal memi^rane building elements to a body in need 
thereof. The building elements of the basal mem.brane are in 
particular those which are involved with the formLation of 
the basal memibrane , for instance molecular structures 
building -up the basal memibrane, such as monomeric com,oounds , 
accessory substances, substances for the asseml^ly of the 
components of the basal mem±)rane and the like. 

In particular, the basal iriembrane bi.Hldlna elements are 
selected from the group consisting of collagen IV, lamiinin, 
entactin, accessory substances for proper function, or the 
assemibly of the basal membrane, or both the proper function 
and the assemibly of the basal memibrane. 

j^^. inhibitor substance of the invention is capable cf pre- 
venting cr inhibiting the formation of the basal mem.brane 
and/ cr is interfering with the assembly process of the basal 
m:embrane . Preferably, the inhibitor substance is selected 
from the group consisting of antibodies against collagen IV, 
lam^inin, entactin, accessory substances for proper function, 
cr the assemibly of the basal memibrane; Fe -chelating agents; 
inhibitors of ammo acids hydrO'Xyl ases , such as prolyl -4- 
hydrcxylase , lysine - hydrcx\'lase ; 2 -oxoglutarate competitors ; 
antisense nuclectides or nucleotide analogs which are able 
tc prevent or inhibit the expression cf basal mem.brane 



)ui^Gmg e^err.enrs, and rhe lik^ 



ran furth 



ri e u s e a c n o s e 



mnmircr sucstances wr. ich are selected 
ccnsisring of N-cxaioglycme ; Zn salts; pyridine derivatives, 
sucn as 5 - ar\^^ carDcnyaT.mc - cr 5 -ar\^lcarban^icyl - derivatives, 
z. - carC'Orv'^ate , 2,5 dicarborylate , their ethyl esters cr ethvl 
aT.ides cr -5 - ac\'l sul f cnaT;ides , 2,4 dicarbcxylate , their 
etn\'^ esters cr ethylar.ides , cr dimethcxyethylar.ides ; 3,4 
cipx'ricine , such as 5 ar^mc- 6 - { IH) -one , 1 , 6 -dihydro-2 -methyl - 
-;xc - 5 - carbcni t r i 1 ; 2 , 2 ' - b ipyr i di ne , such as 5,5'- 

cr Its pharmaceut ically acceptable salts, 
irDoxy^ic acid ethyl ester cr ethyl amide; 3,4' -di- 
nyarcx\'cenzcat e , sucn as the diethyl ester; Drcline and its 



Cl . 



" ^ d - 



S-amLinoprcpicnitrile; 



icn as tne cie tnyl ester ; 
;tructura^ and functicnal ana leges 

iesf erricxamine ; anthracycl mes ; 2,7, 8-trihydrcxy anthra 
'^^Lno-es, f mrcstatm-C; coum^alic acid or its pharm^aceut ical 
y acceptaioie salts; 5 -cxaprol ine , S- lactam, antibiotics. 



c: 



nir: 
mc : 
z wt h , 



prererrec emlDodiment cf the present invention the 
tor substance (s: are applied in combination with one 
"e substances being caparle of stimulating neuronal 
Sucn neurcna^ growth stimulating substances are 
growtn factors of the neurotrophin fam.ily and 
tactcr families such as fibroblast orowth 



crow: 



— ci u r 



epioermLa^ crowth factor 



c \" t o K 1 n e s 



-^iKe growtn factors, as well 
ciliary neuronotrophic growth 
ived growth factor (GDNF) , 
t eoglycans and al vcosamino - 



IS preferred to locally apply 
:ne neuronal tissue, mt raven - 
m particular crallv cr intra- 



- n e c: 
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The concentration of the inhibitor substance varies in view 
of the chemical nature. For example, antisense inhibitor 
substances may have more specific effects so that lesser 
amounts can be applied. 

Ty-p-ically, the inhibitor substance is applied in thera- 
peutically effective amounts, such as 1 ng/kg to 1 mg/kc body 
weight, when low molecular compounds such as bioyridyl- 
derivatives are applied. 

The invention also provides a medicament for the improvement 
of neuronal regeneration comprising a therapeutically 
effective amount of an inhibitor substance which is capable 
cf prevention or inhibition of basal membrane formation 
induced by a lesion of neuronal tissue. Appropriate inhibitor 
substances are described hereinabove. The medicament may 
further comprise carrier substances or adjuvants in order 
to facilitate an appropriate application. The medicament may 
further comprise substances which are capable of stimulating 
neuronal grow^th. 

The inhibitor substances which are capable of prevention or 
inhibition cf basal memibrane formation induced by a lesion 
of neuronal tissue can be used for the manufacturing of a 
medicament cf the invention. 

Fig. 1: 

Expression of collagen iV and axonal sprouting after 
transection cf the post com^missural fornix in untreated 
animals (b-d) and after injection of anti-Coil IV (e) or DPY 
(f ) at two weeks postsurgery. a, Sagittal view of the adult 
rat brain showing the course cf the fornix and the location 
of the transection site. Marked deposition of collagen IV 
m the lesion site (arrow) and proxim.al stump (P) of an 
untreated anim>al at low (b) and high magnification (c) . Note, 
the fine structure and the spatial orientation of collagen 
IV deposits perpendicular to the trajectory of the tract, 
d, :n untreated anim^als regrowmg fornix axons stop sharply 



it: tne ^esion site arrow; . Cc-.iager. IV deocsitiic 
;arkedly reduced m the lesicn sire after anti-Ccll I 
:r D?Y ir::ecticr: ( f ; . Scale bars, ICO ^m. 



Fig. 2: r.egeneratic 



ran sec tec icrr.ix tickers across 



e . c: 



ci..^^-<^C^^ ■, c. 

ZPY o, d, f at 6 weeks postsurgery. Sagittal serial sec 
ticns reacted for NF- ir~.T.uriChistochemistry shew that in both 
expe r iT.en t a _ groups iioers traverse the fcrrrLer lesion site 
'arrows; ic, d) and elongate within the distal stuino^ (e, f ) 
up to the r:,a-rr.illar\' body (KB;. Scale bars, 100 urr. . 



Fig. 3: Recovery of structural features of the regenerating 
fornix tract, a, b Anterograde tracing with biocytm of an 
anti-Co^_ IV t re a tec anirr.al at 6 weeks oostsurcer\' reveals 
the large nu-b)er of regenerating axons (a) , their elcngation 
within the forn^.er pathway (a) and their fine varicose rr^or 
phology (b) . c, Large V;GA-HR?- filled axon (arrowhead; in the 
Tiarriir.il lary body surrounded by coTOact n^.yelin (arrows), d, 
e Electron r^dcrographs of ant erogradely WGA-HR?- labeled 
pres\T:aptic terminals (arrowheads) in the mammillary body 
at 6 weeks after ant i -Coll IV treatment. Scale bars, ICC firr. 
: , 5 1' -^:t (b ; , C . 1 uv:. ( c ) , 0.5 /^m (d) , 1 /im (e ) . 



Fig. 4: E ^ e c t rophy s i o 1 c-g i ca 1 properties of fornix fibers in 
unlesioned rats and lesimed/ injected animals with 

'-ematic illustration showing the location 
S and recirdmg (R) eleotro^de at various 
conoitions. b, Cnaract en s t i i recordings of extracellular 
action potentials m a sagittal slice prepared frcm an animal 
v;itn regeneration. Recordings were obtained under conditions 
as illustrated m a. Application of Tet rodO't cxin (TTX) blocks 
tne St imulus - evor:ed response. Tne net action potential is 

otential respo^nse amplitude in 
n"ectec animals with reoenerat ion . 



The mechanically transected post commissural fornix of the 
adult rat, a unidirectional and well -characterized fiber 
tract (6,9), was used to determine W'hether specific 
biochem.ical or imm.unochemical m.odulaticn of EK formation 
would provide a means to stimiulate axon regeneration. Here 
we report that lesion - induced BM deoC'Siticn can be 
significantly reduced by local mnection of ant i -collagen 
iV antibodies or a, a dipyridyl, an inhibitor of collaaen 
triple helix fcrmiStic^n and synthesis. Reducing the ccllacen 
network allc'wed m.assive axon elongation across tne lesion 
site. The regenerating fornix fibers followed the original 
pathway, remnervated their appropriate target, the 
m.am.m.illary body, were remy^el ma ted and attained nearl\- norm.al 
conduction r^roperties. on failure cf aiult m.am.m.alian CNS 
axons we examined its soa 1 1 c - 1 emo i r a 1 distribution oat tern 

- e s 1 c n ana c e t e r m i n e d wh e t n e r its 
_ allows structural anc functio^nal regeneration 
:ransected CNS fiber zracz . 



■ansectec m acu^' 



Wd s s t e r e c t a c 1 1 c a 1 1 \' 
la; and the ocstlesion 



Geposition ot rV* w ana.\*zed usincr antibodies 



o ^ d ^ : i . 



m.ajcr anc unicue 



components of . l-y me eni cf the second week after 



lesLo- the ceni-i -: ^ -.d was filled by Coll IV- 

LN-ricn E:-: Fir . l: : 



c: 1 1 cx.,~^^^ 



? ■ - ' ^ - . ^ e n e w ^ \' t o r mie a BM were either 
- - ' — " : i.t - *. : layers or associated w^itn 
:me reus i ^ r c c \'- . :: - ^ s . . i n t n - center c f t h e w du n d t ne 
mea ri::__-^ array aligned perpendicular tc 
the course zt tn^ :mvr m.mi 'Fig. lb, c) . In the virinity 
or tne transecteo rtu"-p£-, ncwe'ver, layers w^ere deposited 

as nc-o.-:-like turns extending along the longitudinal tract 
axis rcr aof^t i: mtc tne fornix stum.ps (Fig. ic) . In 

para^^e^ witn tn^- aeccsiticn cf the 3M , sprouting axons m 
the priximal stu-p reamed tne lesion site. Tney failed to 
cross or r\'pass it out stopped grcv;mg at the wound bo-rder 
at aoout 2 wee^s after lesion (Fig. Id; . Tne sea 1 1 o m emoor a 1 



coincidence cf BM formation with the abrupt axor.al growth 
arrest at the tract - lesion border strongly suggests that the 
newly ferried perpendicular layers of BM could be a physical 
i::^.peain-ient for regenerating axons. 

In an effcrt to r-odulate postlesion BM deposition, either 
polyclonal antibodies against collagen IV (anti-Coll IV; 
n = 14} or the iron chelator a, a'-dipyridyl :dpY; n=9; were 
in:ecteo -ccally into the lesion center i^T.ediately after 
transection. Z?Y is a competitive inhibitor cf orcl\-l 4- 
n\-oroxy_ase (12; and has been shown to prevent collagen triole 
ne_ix rcr-aticn ;12) , which results in feedback inhibition cf 
?rccc__agen s\-nthesis {13:- and erinanced procollagen degradation 
'14}. Control aniT>als received a PBS injection (n=9i or were 
sha~ operated (n=2 ) . Basal nembrane formaticn was studied m 
response to antibody and drug treatment using immunohistc- 
chem.ical methods. Anim.als receiving a single injection cf anti- 
Ccll -V (£0-16 0 ng) cr D?Y (1.6-16 umol) showed a massive and 
specific reduction in Cell - immunoposi t i ve laminae and blcod 
vessels m the lesion center and the fornix stumps at all 
examined survival time points. At 2 weeks after 
lesicn-injecticn only a very small nun^er of Coll - immunreact i ve 
structures perpendicular to the tract course had developed 
'Fig. le, f) . Control animals, however, exhibited dense B.M 
deposition as previously described for lesion only animals. 
Tne applied substances reduced the deposition cf B.M at the 
lesion site but did not affect the number cr the distribution 
o: vascular B.Y in the surrounding neuropil. Therefore, we 
ccnc_uoe that the 1 es ion - induced BM formation can be 
specifically reduced by im.mediate application of either anti- 
■ antibodies or DPY . 



Tc determine wnether reduction of BM deposition would permit 
regeneration of transected axons across the lesion site, we 
stucied the elongation of fornix axons after anti-Coll IV or 
treatment using immunooytochemi cal staining. While 
sprouting fornix fibers in control animals ceased growing at 
tne proximal stump-lesion interface (Fig. id,, large num.bers 




- 6 - 

of axons entered and traversed the lesion center between 2 and 
4 weeks after lesion+inj ect ion in those animals receiving anti- 
Coll IV (n= 11) (Fig. 2 a, c, e) or DPY treatment (n= 6) (Fig. 
2 b, d, f). Most regenerating axons formed a loop over the 
lesion site, entered the distal stump and continued m a 
parallel bundle of fine and beaded axons within their iDrevicus 
p-athvay (Fig. 3a, b) . They reached their appropriate target, 
the mamLmillary body, at about 4-6 weeks postsurgery. 
Anterograde tracing with WGA-MRP into the subiculumi, the origin 
cf the fornix (not shown) , or biocytin application into the 
proximal fornix stump (Fig. 3a) provided proof, that the vast 
miajority of fibers emerge from the formierly transected fornix 
tract. All regenerating fornix axons remained within their 
original pathw^ay and did not invade the surrounding neurocil . 
The present results demonstrate that the failure of 
pes tcomm.issural fornix regeneration in rat brain, in fact, 
depends upon the formation of an axon growth- inhibit ina EM at 
the lesion site that is oriented perpendicular to the tract 
course. Reduction of BM deposition seems to be a prerequisite 
but also a sufficient condition for the transected axons to 
regenerate across the lesion site. 



Further preferred embodiments for restitution of functional 
circuitry after traumatic CNS lesion are the rem.yel mat i on of 
regenerated fibers, the r e - e s t ab 1 i s hmen t of synaptic 
connections with the appropriate target and the restoration 
of normal conduction properties. Structural and functional 
properties of the regenerating axons were investigated using 
imtmunohistochem.ical , m.orphclogical and electrophys iol oqica 1 
miethods. Immunohi s t ochem.i s t ry with an antibody against myelin 
oasic protein demonstrated the remyel inat ion of regenerated 
fornix axcns along their entire length as early as 4 weeks 
after surgery (data not shown) . This observation was conf ir 
m.ed by ul t ras t ruct ural analysis cf ant erogradely WGA-HRP 
^aoe^ea axons m the distal stump which showed clear evidence 
of compact myelin sheath formiation (Fig. 3c). In addition, 
u^ t rast ructural studies provided evidence for the ' re- 
establishment cf synaptic connections of regenerating axms 



^'racer react ^ on crcauc 



cfiles with round vesicles 



was 



aencri ces 



wit n r n t n e rr^arr.?:. i _ _ a r y OO' c j 
identified in pres\T:aptic p: 

fcrn-ied as™rr.etric s\^.aptic junctions at unlabelec 
(Fie. 3d, e) . The ul t ras t ructural features of the labelled 
p r e s \t: aptic profiles correspond to those described for the FS-. - 
t \'p e ; r c un d , as \"r.r. etric of s 's^nap t i c t e rrr. i na 1 , wh i c h is 
considered to be cf subicular oricrin (S) , The el ectrooh\'s ic - 



.oaicc 



ratea tioers were stuaiea using 
:raoellular m vitro recording tecrmiques applied to sagittal 
:es ;410 :.'n-) cf B unlesioned rats and 4 treated 
:wing regenerated fiber tracts. In unlesioned aniir.als 
electrical stir.ulation of the fornix fibers elicited an 
extracellular action potential with an amplitude cf 1.C2 ± 
: . 14 r.V and a ccnourticn velocity of 0.4S r 0.05 m/s (luean r 

SEX, n=16, Fig. 4b-d' . This axonal conduction velocity 
corresponds well to previously reported measurements {about 
0.5 m/s for hippccampal Schaffer collaterals (15) . Similar 
values for action pctential amtplitude and conduction velocity 
(1.12 ± C.21 mV, 0.4 6 — 0.1 m/s, n=5) were obtained in re- 
generating anim.als when the stimLulating (S) and the recording 
(R) electrodes were positioned proximially to the lesion site 
(see SI and Rl in Rig. 4a'' . In the latter animals, functionally 



c; cr • 



: w 1 n 



1 extracellular action pete 



:ou ct 1 on ve ^oci t v couic 



lIso be demonstrated 



S r 0.2 9 m.V, 0.54 ± 0.14 mi/ s, 



tne -.esion site iS. 



ind R2 in Fia . 4a; O.Sl 



r C.24 mV, C.43 * :.:£ m s, n-4} (Fig. 4c, d). In all animals, 
the St im.ulus -evor:ec extracellular responses were blocked by 
Te t rodot ox 1 n , con firm mo tneir nature as Na* - dependent action 
potentials .Fig. 4c . Frcm tnese data we conclude that the 
reorganization cf toe fcrnix tract is accompanied by structural 
and f unct lonal re cc\-er\' c f the reaenerat ed axons . 
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axonal regeneration but also demonstrates that once the axons 
have crossed the lesion scar other potential extrinsic 
regeneration constraints, like CNS myelin and oligodendrocytes 
(9,16-16), dense astrogliosis (6) and sulfated proteoglycans 
(15,20), do not impede their progress. The results further 
indicate that simiilar to other CNS circuits (21,22), fornix 
axons have an innate potential for regeneration and self- 
crganizat ion . These results give rise to new and promising 
concepts for therapeutic strategies that might contribute to 
the reduction of neurological deficits after CNS lesions. 

The following exam.ples are intended for further illustration 
of the invention but are not limiting. 

Surgery. The left post commiissural fornix of 42 Wistar rats 
(180-210g) was transected s t ereotact ical ly at a distance of 
about 1 mm proximal to the target, the mammillary body, using 
a Scouten wire knife as described previously (S) . The complete- 
ness of transection was confirmed by serial reconstruction of 
the lesion site fo^ each of the animals . ImimLediat ely after 
transection animials received a topical application (1.6 fil) 
of either polyclonal antibodies against collagen IV (anti-Coil 
IV, Biogenex, 50-100 ug/m.l, n=14) or the iron chelator a, a' - 
dipyridyl (DPY, 1-10 mM , n=:9). Substances were pressure 
injected (injection time 10 miin) directly into the lesion site 
via a micropipette coupled to a m.icrosyringe . Controls received 
equal amounts of phosphate -buf fered saline {n=9) or sham, 
cperat icn ( n= 3 ; . 

Anterograde tracing was performed for analysis of fiber course, 
ul trast ructural morphology and target reinnervat ion . After a 
survival timie of 6 weeks, ant i -Coll IV-treated animials (n = 4) 
received two injections of a 2% (w/v) solution of wheat-germi- 
aggiut min- KRP (WGA-HR?) into the left subicular complex 
(acrsal and caudal pole) . Rats were perfused 3 days later with 
2% paraf crm.al dehyde and 2% g lut ara 1 dehyde m 0 . IM phosphate 



buffer. VibraronPLe sections were reacted for WGA-HRF using 
tet rarTLethylbenzid^ne as substrate (23) . 

Electron microscopy. For ui t ras t rue t ural analysis vibratoirie 
sections of anti-Cell IV -treated anirr.als were reacted for WGA- 
H?.? , irr.r^ersed fcr 12n in 1% csT.iun-: tetrcxide and errtbedded in 
epon . Ultrathm sections were examined using a Hitachi H6CC 
electron microscope . 

Iminunohi s tochemical staining. After a survival time of 4 days 
{d; , 6d, 2 weeks (w) , 4w and cw after surgery brains were 
remioved, frozen m iscpentan (-5C/-60*C) and out into serial 
sagittal 11 uvr. thick sections. Sections were fixed with acetone 
: - 2 0 * C , premcubated m 3% H2C2 (v/v) m methanol to block 
endogeneous peroxidase, followed by PBS containing 3% (v/v) 
norm.al ho^rse or norm.al goat ser^um. to reduce unspecific staining 
and then incubated with one of the following primiary 
antibodies: polyclonal ant i - col lacen IV (anti-Coll IV, 
Hiogenex, 1:3), polyclonal anti-laminin (anti-LN, Biogenex, 
1:5) c r m. o n o c 1 o n a 1 cocktail against p h o s tkn c r \^ 1 a t e d 
neurof ilam:ents (anti-KF, Affinity, 1:60C). Following, avidin- 
biotin-peroxidase com.plex staining (Vector Labs) was done using 
standard procedures . For evaluation of remyel inat ion brains 
were fixed with 4% paraf orm.a Idehyde , para f f ini zed , cut into 

3 - umi thick serial sagittal sections, deparaf f ini zed and 
incubated as descrioed above with a polyclonal anti-mLyelin 
basic protein vanti-MB?, Biogenex, 1:2) or anti-NF as primary 
antibocies. Specificity of the stainings was confirmed b\' 
omissicn of the prim.ary antibody. 

El ec trophys i ology and biocytin injections. Sagittal slices of 

4 10 |.T. thickness were cut on a vi bra tome and mLaintained at 34- 
35 *C m an i nt e r f a ce - t ^-pe recording chamber. A.rtificial 

cerebrospinal fluid ''ACSF' consisted of (in mM ) 124 KaCl , 3 
?:C1 , 1.2 5 KaH2FC4, l.£ KgS24 , 1.6 CaC12, 26 NaHCOl and 11 
gluiose witn a pH cf '~ . 4 wnen saturated with 95% C2 - 5% C2^2 . 
Stimuli: ICC M.S , 5-21 V were delivered via a bipolar tungsten 
electrode. Extracellular action potentials were registered with 



a reccrding electrode (3-5 MW) located in the iT.iddle of the 
postcommissural fornix. Tetrodotoxin (TTX, Sigina) was applied 
locally in a concentration of IC uM (dissolved m ACSF) with 
a broken micropipet te placed on the slice surface near the 
recording site. Injections of a syr.all biocytm (SigTia;.' cr\'stal 



into the fornix were perforrried with . 
an inc^ubation period of 6-10 h in the 
were fixed in 4 h 
with ABC peroxidase reaaent (Vector 



TTii mature needle. After 
nterface charrber, slices 
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A rr.echod fcr the ^rr.prcverr.ent of neuronal regeneraricn by 
prevention or inhibition of basal menr±;rane formation 
induced b%' a lesion of neuronal tissue . 

The nethod according to claim 1, wherein the formation 
of the basal m-^emj^rane is prevented or inhibited by 
aoolymg an inhibitor s'ubstance of the synthesis of basal 
mem.brane building elements, or the assemibly of basal 
memj-rane building elements, or both the s>-:ithesis of 
basal miemjorane building elements and the assemj^ly cf 
basal m^emibrane building elements to a body in need 



Tne method cf claim. 2, wherein the basal m.embrane 
building elem.ents are selected from, the group consisting 
of collagen IV, lam^min, entactin, accessory substances 
for t;rooer function, or the assemibly cf the basal 
m.emibrane, or both the proper function and the assemibly 
cf the basal m.emlrrane . 

The method of claims 2 and/or 3, wherein the inhibitor 
substance is selected fromi the group consisting of 
antibodies against collagen IV, lamiinin, entactin, 
accessory substances for proper function, or the assem 
bly cf the basal meml^rane ; Fe-chelating agents; mhibi 
tors of amine acids hydroxylases, such as prolyl-4- 
h V' d r c X \' 1 a s e , 1 s i n e - h \' d r o x y 1 a s e ; 2 - o x o g 1 u t a r a t e 
ccm.oet Iters ; am i sense oligo nucleotides cr oligc 



The m.etnod of claim. 4, wherein the inhibitor substance 
IS seleciec frc^ the group consisting of N- oxal og lyc ine ; 
Zn salts; c\'rioine derivatives, such as 5 - ary 1 carbony - 
am.i nc - cr E - a r\-l care a moy 1 - derivat ives , 2 - carboxylate , 2,5 
dicarbcx'.'laee , their ethyl esters or ethyl am.ides or -5- 
acyl sul f cnam.ioes , 2,4 dicarbcxylate , their ethyl esters 
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or ethylamides, or dimethoxyethylamides ; 3 , 4 ' -bipyridine , 

such as 5 amino- 6 - ( IH) -one , 1 , 6 -dihydro-2 -methyl - 6 -oxo- 5 - 

carbonitril; 2 , 2 ' -bipyridine , such as 5 , 5 ' - dicarboxylic 

acid or its pharmaceutically acceptable salts, 

4 , 4 ' - dicarboxyl ic acid ethyl ester or ethyl amide; 

3 , 4 ' - dihydroxybenzca t e , such as the diethyl ester; 

proline and its structural and functional analoges; £- 

aminopropionitrile ; desf err i examine ; anthracycl ines ; 

2 , 7 , 8 - trihydrcxy anthraquinones , f ibrostat in-C ; coumalic 

acid or its pharmaceutically acceptable salts; 5- 

oxaproline , S- 1 act ami antibiotics . 

6. The method according to any one of the preceding claims, 
wherein the inhibitor substance (s) are applied in 
combination with substance being capable of stimulating 
neuronal growth . 

7. The method according to any one of the preceding claim.s, 
wherein the inhibitor substances are applied locally in 
the neuronal tissue, intraventricularly , or systemically . 

B. Thf=» method according to any one of the preceding claimiS, 
wherein the inhibitor substance is applied orally or 
intravenous ly . 

9. The method according to any one of the preceding claims, 
wherein the inhibitor substance is applied in 
therapeutically effective amounts, such as 1 ng/kg to 
1 mg/kg body weight . 

10 . A medicament f cr the improvement of neuronal regeneration 
comprising a therapeut ically ef f ect ive amount of an 
inhibitor substance which is capable of prevention cr 
inhibition of basal membrane formation induced by a 
lesicn cf neuronal tissue. 

11. Use of an inhibitor substance which is capable cf 
prevention cr inhibition of basal membrane form^ation 




\ 
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induced by a lesicn cf neuronal tissue fcr the rr.a 
facturinc cf a rriedicarrient according to clain:^. 10. 
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